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Background For patients with acute heart failure (AHF), substantial diuresis after administration of loop diuretics is generally
associated with better clinical outcomes but may cause creatinine to rise, suggesting renal function decline. We
investigated the interaction between diuretic response and worsening renal function (WRF) on clinical outcomes in
patients with AHF.
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Methods
and results

In two AHF cohorts (PROTECT, n =1698 and RELAX-AHF-2, n = 5586 in current analysis), the prognostic
impact of WRF (creatinine ≥0.3 mg/dl increase baseline—day 4; sensitivity analyses incorporated baseline renal
function) by diuretic response (kg weight loss/40 mg furosemide equivalent baseline—day 4) was investigated with
regard to (cardiovascular) death or cardiovascular/renal hospitalization using subpopulation treatment effect pattern
plots (STEPP) and survival analyses. WRF occurred in 286 (16.8%) and 1031 (18.5%) patients in PROTECT and
RELAX-AHF-2, respectively. Patients with WRF had higher left ventricular ejection fraction and lower estimated
glomerular filtration rate at baseline (p < 0.05), and received higher doses of loop diuretics and had a worse diuretic
response (p < 0.001). In patients with a poor diuretic response (≤0.35 kg weight loss/40 mg furosemide equivalent
as identified by STEPP), WRF was associated with higher risk of (cardiovascular) death or cardiovascular/renal
hospitalization (p < 0.001 both cohorts), but this was not the case for patients with a good diuretic response
(p = 0.900 both cohorts).
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Conclusion In two large cohorts of patients with AHF, WRF in the first 4 days was not associated with worse outcomes when
patients had a good diuretic response. The occurrence of WRF in patients with AHF should therefore be considered
in the context of diuretic response.
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Introduction
Worsening renal function (WRF), a term used to describe dynamic
changes (decline) of renal function, occurs in 20% to 30% of patients
with acute heart failure (AHF) and is associated with greater mor-
bidity and mortality.1,2 Haemodynamic derangements in AHF often
lead to reduced renal perfusion and increased central venous pres-
sure, so patients with WRF might often have more severe heart
failure. However, WRF may also be explained by other factors. For
example, WRF can be caused by the initiation or up-titration of
renin–angiotensin–aldosterone system inhibitors, which is gener-
ally associated with improved clinical outcomes.3–6 Also, WRF may
reflect tubuloglomerular feedback due to greater diuresis and natri-
uresis, a physiological response to salt loss leading to renal afferent
vasoconstriction, thereby reducing glomerular perfusion pressure
and filtration. Such a physiological renal response to increased
diuresis that is associated with WRF might not necessarily be
related to worse clinical outcomes. In fact, several studies have
shown that haemoconcentration, consistent with greater diuresis,
was associated with better clinical outcomes despite being strongly
associated with WRF.7–9 In addition, a recent study showed that
several markers of decongestion modified the association between
estimated glomerular filtration rate (eGFR) decline and adverse
outcome.10 Finally, we and others have shown that a good diuretic
response is associated with better clinical outcomes.11–16 How-
ever, it is currently unclear if patients with a good diuretic response
still have favourable outcomes if it is associated with WRF. Fur-
thermore, it is unclear how to recognize when WRF is not
associated with a poor prognosis. We investigated the hypoth-
esis that the association between WRF and clinical outcomes
depends on diuretic response in two large cohorts of patients
with AHF.

Methods
Patient populations
The current analysis included patient-level data from the Relaxin in
Acute Heart Failure 2 (RELAX-AHF-2) and the Placebo-Controlled
Randomized Study of the Selective A1 Adenosine Receptor Antagonist
Rolofylline for Patients Hospitalized with Acute Decompensated Heart
Failure and Volume Overload to Assess Treatment Effect on Conges-
tion and Renal Function (PROTECT) trials.

In brief, RELAX-AHF-2 was a multicentre, randomized,
double-blind, placebo-controlled trial investigating the effects of
early administration of serelaxin added to standard care on cardiovas-
cular (CV) mortality and worsening heart failure in patients admitted
for AHF.17,18 Inclusion criteria included, among others, an eGFR of
25–75 ml/min/1.73 m2, brain natriuretic peptide (BNP) ≥500 pg/ml or
N-terminal pro brain natriuretic peptide (NT-proBNP) ≥2000 pg/ml
(for patients ≥75 years of age or with atrial fibrillation at the time of
randomization BNP ≥750 pg/ml or NT-proBNP ≥3000 pg/ml), and
the expectation that the patient would receive intravenous therapy
for at least 48 h. The overall results of the trial were neutral. For the
current analysis, 5586 out of 6545 patients with available creatinine
measurements at baseline and day 4 were included.

PROTECT was a multicentre trial investigating the effects of rolo-
fylline in patients with AHF (n = 2033) with mild to moderate ..
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.. renal function impairment (estimated creatinine clearance of
20–80 ml/min).19,20 Inclusion criteria included, among others, BNP
≥500 pg/ml or NT-proBNP ≥2000 pg/ml and ongoing intravenous
loop diuretic therapy. The overall results were neutral. For the cur-
rent analysis, 1698 patients with available creatinine measurements
at baseline and day 4 were included. Characteristics of patients
excluded from the current analysis are shown in online supplementary
Table S1.

Definition of worsening renal function
Worsening renal function was defined as a creatinine increase
≥0.3 mg/dl between baseline and day 4.21,22 This was chosen to
allow time for better differentiation in responsiveness to diuretics
and for tailoring diuretic doses by the clinicians to clinical response.
Urinary output was not available. Sensitivity analyses were conducted
with WRF defined as (i) a combined increase of ≥0.3 mg/dl and
≥25% increase in creatinine and (ii) ≥30% eGFR decrease between
baseline and day 4 to also incorporate correction for baseline
creatinine/eGFR.21,22 eGFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration formula.

Diuretic response and other
decongestion variables
Total diuretic dose was defined as total intravenous dose of loop diuret-
ics plus 0.5 x total oral dose (to adjust for biological availability16,23)
administered between baseline and day 4. Diuretic response was then
defined as change in body weight between baseline and day 4 indexed
per dose of 40 mg furosemide that was administered during that time
period (equivalent doses: 1 mg bumetanide, 20 mg torsemide, and
50 mg ethacrynic acid).11,12,16,23 Sensitivity analyses were also per-
formed for crude weight change between baseline and day 4 not
indexed per diuretic dose and diuretic response between baseline and
day 3, calculated in the same manner as described above but until day 3,
for all definitions of WRF. Finally, sensitivity analyses were conducted
with percentage change in haemoglobin concentration and change in
estimated plasma volume (ΔePV) between baseline and day 4, and per-
centage change in NT-proBNP concentration between baseline and
day 7 for RELAX-AHF-2 and percentage change in BNP concentration
between baseline and day 5 for PROTECT. ΔePV was calculated using
the Strauss formula24:

ΔePV = 100×
haemoglobin (baseline)

haemoglobin (day 4)
×

1 − haematocrit (day 4)
1 − haematocrit (baseline)

− 100

In this formula, haematocrit was expressed as fractions.

Endpoints
The endpoints of focus were the combined endpoints of both
cohorts; 180-day CV death or heart/renal failure hospitalization in
RELAX-AHF-2 and 60-day death from any cause or CV or renal hos-
pitalization in PROTECT.

Statistical analysis
Descriptive statistics were used to examine differences in clinical vari-
ables, laboratory values, and decongestion variables between patients

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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who experienced WRF and those who did not. Data are presented as
medians (with 1st and 3rd quartiles) and as frequencies (percentage)
for categorical variables. Continuous normally distributed variables
were tested with the Student’s independent t-test, skewed vari-
ables with the Mann–Whitney U test, and categorical variables with
chi-squared tests.

Values for measures of decongestion at which presence of WRF
conferred equal or better survival relative to absence of WRF were
identified using subpopulation treatment effect pattern plot (STEPP)
analysis. STEPP is a graphical method that allows visual exploration
of differential treatment effect across the continuum of a variable, in
the case of this study for example diuretic response.25,26 STEPP cre-
ates overlapping subpopulations which makes it an accurate, robust,
and reliable statistical tool to explore differences amongst subgroups
of a continuous variable. This greatly increases the precision of the
estimated effect, improves statistical power to detect heterogene-
ity, and decreases the false-negative discovery rate. In PROTECT,
the size of each subgroup (r2) was set to 350 with 280 patients in
common among consecutive subpopulations (r1). In RELAX-AHF-2,
r2 was set to 900 and r1 to 720. This resulted in the removal of
20% of patients and addition of 20% new patients between consec-
utive subpopulations for both cohorts. This process ends when all
patients are included in at least one subpopulation. The depicted
STEPP plots show the risk of presence of WRF against increas-
ing medians of each subpopulation. Statistical significance was eval-
uated by performing permutations tests, which was set at 2500. To
conclude that there is a significant interaction, plots should show
a divergent and consistent pattern along the continuum of the
biomarker.

In addition, interaction plots were constructed using the simPH
package with 1000 simulations. Statistical significance of interaction
was estimated by Cox proportional hazard analysis using an interaction
term, with inclusion of treatment arm in the model. Cox proportional
hazard analysis was also conducted to investigate the relationships of
groups stratified by WRF/no WRF and good/poor diuretic response
with the combined endpoints with adjustment for previously estab-
lished prediction models for both cohorts.27,28 Those included age, sex,
baseline creatinine, study treatment, pulmonary disease, atrial fibrilla-
tion/flutter, blood urea nitrogen, cerebrovascular accident, composite
of NT-proBNP or BNP z-score, depression, oedema, grouped geo-
graphical region, haemoglobin, history of diabetes mellitus, peripheral
arterial occlusive disease, prior heart failure hospitalization, respiratory
rate, sodium, and systolic blood pressure for RELAX-AHF-2, and age,
sex, baseline creatinine, treatment allocation, previous heart failure
hospitalization, peripheral oedema, systolic blood pressure, sodium,
urea, creatinine, and albumin for PROTECT. Kaplan–Meier plots were
constructed using the survminer package. Additional packages that
were used in analysis included the packages foreign, ggplot2, nephro,
psych, and survival. A two-tailed p-value <0.05 was considered sta-
tistically significant. Statistical analyses were performed with RStudio
(version 1.3.1073, R Foundation for Statistical Computing, Vienna, Aus-
tria), www.r-project.org.

Results
Baseline characteristics
About half of patients in the current study subset from
RELAX-AHF-2 had heart failure with reduced ejection frac-
tion (HFrEF) [median left ventricular ejection fraction (LVEF) ..
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.. 38% (29%–50%) whereas the median LVEF in PROTECT was
30% (23%–40%)] (Table 1). In RELAX-AHF-2, median eGFR was
50 (38–62) ml/min/1.73 m2 whereas in PROTECT this was 46
(34–62) ml/min/1.73 m2, and 2307 (41.3%) patients were in New
York Heart Association (NYHA) class III/IV in RELAX-AHF-2,
which was the case for 1338 (78.8%) in PROTECT. WRF occurred
in 1031 (18.5%) of patients in RELAX-AHF-2 and 286 (16.8%) of
patients in PROTECT. Patients who developed WRF had, among
others, higher LVEF, higher systolic blood pressure, and lower
eGFR at baseline (all p < 0.05). Patients who developed WRF also
required higher doses of loop diuretics and had a worse diuretic
response between baseline and day 4 (all p < 0.001).

Subpopulation treatment effect pattern
plots
We found a divergent and consistent STEPP pattern across the con-
tinuum of diuretic response with regard to the combined endpoints
of both cohorts (180-day CV death or heart/renal failure hospi-
talization in RELAX-AHF-2 and 60-day death from any cause or
cardiovascular or renal hospitalization in PROTECT), displayed in
Figure 1. In RELAX-AHF-2, this interaction was statistically signif-
icant (supremum p = 0.030). STEPP demonstrated a crossover in
relative risk of WRF for the combined endpoint that was consid-
ered as clinically relevant. According to STEPP of RELAX-AHF-2,
a threshold of >0.35 kg weight loss/40 mg furosemide was esti-
mated and dichotomized into ‘good diuretic response’ and ‘poor
diuretic response.’ In PROTECT, 868 (53.4%) patients had a good
diuretic response, in RELAX-AHF-2 this was the case for 3053
(56.9%). Sensitivity analyses were conducted for other definitions
of WRF, which included correction for baseline renal function, and
showed consistent results (online supplementary Figures S1 and
S2). Interaction plots, depicted in online supplementary Figure S3,
also showed similar trends.

STEPP analyses for diuretic response between baseline and
day 3 did not show statistically significant interactions (data not
shown).

Online supplementary Figures S4–S6 show sensitivity analyses
for STEPP for crude weight change not indexed per diuretic
dose. Although some statistically significant interactions between
weight change and the prognostic value of WRF were found,
these were smaller and less consistent compared with diuretic
response.

Online supplementary Figures S7–S9 show sensitivity analyses
for STEPP for percentage change of haemoglobin concentration
and ΔePV between baseline and day 4, and percentage BNP
(PROTECT)/NT-proBNP (RELAX-AHF-2) change between base-
line and day 7 and day 5, respectively. These did not show a con-
sistent divergent pattern across their continuum.

Worsening renal function is associated
with worse outcome, but not in the
context of a good diuretic response
In Figures 2A and 3A, for RELAX-AHF-2 and PROTECT, respec-
tively, Kaplan–Meier curves are shown for WRF development vs.

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Subpopulation treatment effect pattern plots (STEPP) of worsening renal function (WRF) by diuretic response with regard to
combined endpoints*. STEPP plots show the hazard ratio of presence of WRF relative to no WRF across a continuum of overlapping
subpopulations of diuretic response. Each triangle indicates the hazard ratio corresponding with the median diuretic response of that
subpopulation, with the dashed lines representing the 95% confidence interval of the hazard ratio. (A) PROTECT, p = 0.119; (B) RELAX-AHF-2,
p = 0.030. *180-day cardiovascular death or heart/renal failure hospitalization in RELAX-AHF-2 and 60-day death from any cause or
cardiovascular or renal hospitalization in PROTECT.

no WRF development. Development of WRF was associated with
increased 180-day CV death or heart/renal failure hospitalization
risk in RELAX-AHF-2 (p = 0.002), and increased 60-day death
from any cause or CV or renal hospitalization risk in PROTECT
(p = 0.015). After additional stratification for diuretic response
(Figures 2B and 3B for RELAX-AHF-2 and PROTECT, respectively),
in patients with a good diuretic response, WRF was not associ-
ated with worse outcomes (p = 0.900 for both PROTECT and
RELAX-AHF-2), whereas WRF with a poor diuretic response was
(both cohorts p < 0.001). Consistent results were observed for
subgroups of HFrEF and heart failure with preserved ejection ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
. fraction (HFpEF) in RELAX-AHF-2 (as per study design, there

were too few HFpEF patients in PROTECT for reliable replica-
tion). Cox regression analysis, depicted in online supplementary
Table S2, confirmed these findings, where, even after multivariable
adjustment, patients with a poor diuretic response had a higher
risk of the combined endpoints compared with patients with a
good diuretic response, irrespective of WRF.

In Table 2, differences in event rates of 180-day death and
the combined endpoints in patients with WRF stratified by good
diuretic response and poor diuretic response are shown. Patients
with a good diuretic response had, in both cohorts, lower event
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Figure 2 Kaplan–Meier curves for presence vs. absence of worsening renal function (WRF) and in the context of good* vs. poor diuretic
response in RELAX-AHF-2. *Defined as >Δ −0.35 kg/40 mg furosemide equivalent between baseline and day 4. (A) Kaplan–Meier curves for
WRF vs. no WRF; (B) Kaplan–Meier curves for WRF vs. no WRF and good diuretic response vs. poor diuretic response.

rates of 180-day mortality as well as the combined endpoint (all
p < 0.01).

The median percentage increase of serum creatinine between
baseline and day 4 was even larger in the group with WRF and
a good diuretic response (33%) vs. WRF and a poor diuretic
response (28%; p = 0.025) in PROTECT. In RELAX-AHF-2,
there was no difference (39% vs. 38%; p = 0.817). A com-
plete overview of the percentage change in serum creatinine ..

..
..

..
..

..
..

..
..

..
..

.. and blood urea nitrogen according to presence/absence of
WRF and good/poor diuretic response depicted in histograms
is provided in online supplementary Figures S10 and S11 for
RELAX-AHF-2 and PROTECT, respectively. No subgroups could
be identified with a percentage increase of serum creatinine
that, despite a good diuretic response, was associated with
increased risk of the combined endpoints (online supplementary
Figure S12).
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Figure 3 Kaplan–Meier curves for presence vs. absence of worsening renal function (WRF) and in the context of good* vs. poor diuretic
response in PROTECT. *Defined as >Δ −0.35 kg/40 mg furosemide equivalent between baseline and day 4. (A) Kaplan–Meier curves for WRF
vs. no WRF; (B) Kaplan–Meier curves for WRF vs. no WRF and good diuretic response vs. poor diuretic response.

Discussion
This analysis shows that patients with AHF and WRF do not have
a worse clinical outcome if this is associated with a good diuretic
response. ..

..
..

..
..

..
.. Worsening renal function in context

Several studies have shown that a greater diuretic response was

associated with improved outcomes.11–16 WRF caused by tubu-

loglomerular feedback due to diuresis and natriuresis might not be

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.



372 J.E. Emmens et al.

Table 2 Differences in event rates between patients
with gooda or poor diuretic response in patients with
worsening renal function

Outcome, n (%) PROTECT
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Poor
diuretic
response
(n = 153)

Good
diuretic
response
(n = 113)

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

180-day death 41 (27) 6 (5) <0.001

60-day death or
cardiovascular or renal
hospitalization

65 (42) 23 (20) <0.001

Death 22 (14) 1 (<0.1) <0.001

Cardiovascular or renal
hospitalization

44 (29) 22 (19) 0.112

Outcome, n (%) RELAX-AHF-2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Poor
diuretic
response
(n = 470)

Good
diuretic
response
(n = 502)

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

180-day death 76 (16) 50 (10) 0.005
180-day cardiovascular

death or heart/renal
failure hospitalization

157 (33) 94 (19) <0.001

Cardiovascular death 55 (12) 37 (7) 0.028
Heart/renal failure

hospitalization
112 (24) 57 (11) <0.001

aDefined as >Δ −0.35 kg/40 mg furosemide equivalent between baseline and
day 4.

associated with worse clinical outcomes. In addition to clinical out-
comes, in the context of aggressive diuresis, WRF is not associated
with increased markers of tubular injury.14 Conversely, patients
with a poor ability to excrete sodium in response to loop diuret-
ics, had higher levels of tubular injury markers and higher risk of
mortality.29 Contemporary research therefore increasingly focuses
on the interpretation of WRF in the context of decongestion in
AHF. Thus, we hypothesized that the association between WRF
and clinical outcomes depends on a patient’s concomitant diuretic
response to loop diuretics.

The need for interpretation of WRF in the context of decon-
gestion is supported by several previous studies. A previous
analysis in PROTECT showed that WRF according to a crea-
tinine increase ≥0.3 mg/dl was only associated with poor out-
come if residual congestion was present, defined with a clini-
cal congestion score based on orthopnoea, oedema, and jugular
venous pressure.30 Similarly, a previous study in the Ultrafiltra-
tion in Decompensated Heart Failure with Cardiorenal Syndrome
Study (CARRESS) and Diuretic Optimization Strategies Evalua-
tion (DOSE) cohorts, showed that WRF was not associated with
poor outcomes as long as NT-proBNP levels were decreasing as
well.31 Another study in the Efficacy of Vasopressin Antagonism in
Heart Failure Outcome Study With Tolvaptan (EVEREST) cohort ..
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.. showed that the association between WRF and poor outcome
was significantly modified by increases in haematocrit, albumin, and
total protein between baseline and 7 days.10 Similar trends were
observed for NT-proBNP and BNP decrease and weight loss, but
these did not reach statistical significance.10 Such evidence con-
tributed to a recent position statement from the Heart Failure
Association (HFA) of the European Society of Cardiology, which
strongly recommended interpretation of WRF in the context of
decongestion.22

The current analysis adds to these previous studies in the
following ways: (i) a much larger group of patients, including
both HFrEF and HFpEF, (ii) WRF analysed in context of diuretic
response early in the course of hospitalization, (iii) use of combined
endpoints that include heart/renal failure hospitalization [arguably
more clinically relevant in the face of (residual) congestion], (iv)
robust sensitivity analysis for different definitions of WRF and
other decongestion variables, and finally (v) implementing STEPP
methodology to identify clinically relevant cut-off values.

The position statement issued by the HFA of the European Soci-
ety of Cardiology lists criteria to define a good diuretic response
based on either urinary sodium, urinary output, net fluid loss, or
weight loss (all indexed per 40 mg furosemide equivalent), based
on data showing that certain quantiles (or above/below median)
of diuretic response were associated with improved outcomes.22

Our study is the first to show that this relationship between
a good diuretic response and better outcomes remains strongly
present even if WRF occurs. Our threshold for diuretic response
of >0.35 kg weight loss per 40 mg furosemide is consistent with
the identified approximate values of a poor diuretic response in
other studies,22 although lower than the values they used to define
a good diuretic response (ranging from >0.6 to 1.0 kg weight
loss/40 mg furosemide equivalent).22 Our analysis suggests that
diuretic response can be considered to be ‘good enough’ at lower
levels. We ensured the validity of our results by including sensitivity
analyses for other definitions of WRF, including a fall in eGFR ≥30%
to allow comparison with the results of EVEREST.10 Our results dif-
fer from the definition of diuretic response proposed in the above
mentioned statement also with respect to the time of assessment
of the diuretic response, 4 days after randomization in the present
analysis vs. 2 to 6 h after the first diuretic administration in the
HFA statement. An earlier assessment would have the advantage
for clinical practice of allowing an early change in diuretic doses and
this may be particularly important if diuretic therapy is started at
relatively low doses as outlines in that document. However, such
early assessment is less likely to occur in the context of a large
multicentre clinical trial.

Caution is however recommended with extreme changes in
serum creatinine, often defined as a doubling of creatinine or
an absolute serum creatinine >3.5 mg/dl.22 Although we did not
identify any rises in serum creatinine that were associated with
adverse outcomes in patients who had a concomitant good diuretic
response, extreme rises in creatinine were rare in the current anal-
ysis, and it was therefore difficult to show reliable data according to
diuretic response in these extremer changes in serum creatinine.

However, we did not find a divergent and consistent STEPP pat-
tern across the continuum of percentage change in haemoglobin,
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ΔePV, and (NT-pro)BNP. For the latter, it must be kept in mind that
values of (NT-pro)BNP were only available in (much) smaller sub-
sets of patients and, subsequently, carry less power. For ΔePV and
change in haemoglobin, this was unexpected since they have both
been associated with clinical outcomes in both acute and chronic
heart failure,7,9,32 but might be explained by the fact that changes
in haematocrit are often small, and changes in haematocrit and
haemoglobin can also reflect different processes, such as bleed-
ing, splenic pooling, postural changes, and underlying diseases (such
as inflammation). Haemoconcentration has also previously been
shown to not be strongly related to clinically assessed congestion.33

This finding was however contrary to findings in EVEREST, where
a significant interaction was found between WRF and variables
of haemoconcentration (change in haematocrit, albumin, and total
protein) with regard to death.10 As for (NT-pro)BNP, it might be
possible that NT-proBNP and BNP levels are partly confounded by
the fact that they are filtered by the kidney, and might certainly be
a good risk marker, but it might not be a variable accurate enough
to reflect decongestion and put WRF in context. Similar to the
EVEREST study,10 a study in the DOSE trial also did not show an
interaction between eGFR decline and NT-proBNP concentrations
with regard to mortality.34

Limitations
Limitations include the fact that NT-proBNP in RELAX-AHF-2 and
BNP in PROTECT were only measured in (much) smaller sub-
groups and therefore provided less reliable results. Also, our results
are most applicable to patients with an eGFR of approximately 20
to 80 ml/min/1.73 m2 due to the inclusion criteria for PROTECT
and RELAX-AHF-2. The retrospective nature of this analysis within
clinical trial populations is also a limitation, including the fact that
the combined endpoints of the clinical trials were predefined to
be established at different time points. Also, findings from clinical
trial cohorts might not necessarily translate to real-world practice
where accuracy of weight and urine output measurements might
differ. Calculation of diuretic response as indexed per 40 mg of
furosemide equivalent might be cumbersome, but dose and route
of administration in electronic patient systems could easily circum-
vent this problem. Moreover, although more convenient, crude
weight loss appeared to be a less reliable measurement to deter-
mine whether WRF is harmful or not. Application of the STEPP
method to a clinical congestion score proved not to be feasible due
to the limited range of values of a congestion score. Finally, as WRF
and diuretic response were assessed between baseline and day 4 to
allow for early risk/benefit indication by clinicians, no claims can be
made about later shifts from good to poor diuretic response and
vice versa.

Future perspectives and clinical
application
Knowledge on how and when WRF is a sign of poor clini-
cal outcomes and when it can be considered as harmless is
of paramount importance to prevent down-titration of diuretic
doses leading to residual congestion. The current study might aid ..
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.. physicians by showing that diuretic response is a suitable vari-
able to put WRF into context and provides an estimate of how
much diuretic response confers good outcomes. The occurrence
of WRF should thus not incontrovertibly lead to the decision to
down-titrate or even cease treatments aimed at achieving decon-
gestion. Further validation is however warranted to determine
whether a minimum diuretic response of >0.35 kg weight loss
per dose of 40 mg furosemide equivalent could be a reasonable
estimation of a good diuretic response to base treatment deci-
sions on in clinical practice. Research is warranted to investi-
gate whether diuresis/natriuresis-guided therapy in AHF indeed
results in better outcomes for these patients. Currently, the
Pragmatic Urinary Sodium-based Treatment algoritHm in Acute
Heart Failure (PUSH-AHF) study is underway, which compares
natriuresis-guided treatment with standard of care in AHF patients
(ClinicalTrials.gov identifier: NCT04606927).

Conclusion
In two large cohorts of patients with AHF, WRF in the first 4 days
was not associated with worse outcomes when patients had a good
diuretic response. This finding should be considered when making
decisions about diuretic management in patients with AHF.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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